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7KH\DUHDVPHQWLRQHGKHUHXQGHU
D 6\QJHQHWLF*RQGLWLFGHSRVLWVDVVRFLDWHGZLWKKLJKO\PHWDPRUSKRVHG6DXVHUVHULHVRIURFNVDV
LQ&HQWUDODQG:HVWHUQ,QGLD
E 6\QJHQHWLFUHHIGHSRVLWVDVVRFLDWHGZLWKWKH.KRQGDOLWHVHTXHQFHVRIHDVWHUQJKDWV
F 5HSODFHPHQW GHSRVLWV LQ WKH %DQGHG ,URQ )RUPDWLRQV DV LQ 6LQJEKXP .DUQDWDND DQG *RD
UHJLRQV
G /DWHULWLFGHSRVLWVDQGVXSHUJHQHHQULFKPHQWVDVVRFLDWHGZLWKDOOWKHDERYHWKUHH
7KHPDQJDQHVHGHSRVLWVLQFHQWUDO,QGLDDUHXQLTXHLQUHVSHFWRIWKHLUIRUPDWLRQ>@7KHRUHERG\
LVEDVLFDOO\VHGLPHQWDU\GHSRVLWVXEMHFWWRYDULRXVW\SHVRIJHRORJLFDOGLVWXUEDQFHV7KLVDUHDKDVWKH
ROGHVWPHWDVHGLPHQWDU\QDPHGDV6DXFHUVHULHVFRYHULQJDOOWKHPLQHVRI02,/IURP8NZDPLQHWR
*XPJDRQ 7KH H[SORLWDWLRQ RI RUH ERGLHV ZLWK ZHDN KRVW URFN PDVVHV DV IRXQG LQ WKH PDQJDQHVH
GHSRVLWLQFHQWUDO,QGLDLVDGLIILFXOWDQGFKDOOHQJLQJWDVN$OO WKHXQGHUJURXQGPLQHVRI02,/ZHUH
XVLQJKRUL]RQWDOFXWDQGILOOPHWKRGRIPLQLQJRU LW¶VYDULDQWZLWKYDULRXVVXSSRUWV\VWHPVOLNHSDFN
SLOODU DQG WLPEHU VTXDUH VHWZLWK SRVWPDQXDO ILOOLQJ RI URFNV 7KLV V\VWHP RI VXSSRUWLQJ FRXOG QRW
UHLQIRUFHWKHVWUDWDEHIRUHPLQLQJ5RRIVXSSRUWLVHVVHQWLDOWRWKHVDIHW\RIHYHU\XQGHUJURXQGPLQH,W
KDVWKUHHSULPDU\IXQFWLRQV
D 7RSUHYHQWPDMRUFROODSVHVRIWKHPLQHURRI
E 7RSUHYHQWPLQHUVIURPVPDOOURFNIDOOVWKDWFDQRFFXUIURPLPPHGLDWHURRIVNLQDQG
F 7RFRQWUROGHIRUPDWLRQVVRWKDWPLQHRSHQLQJVUHPDLQVHUYLFHDEOHIRUERWKYHQWLODWLRQDV
ZHOODVDFFHVVWRHVFDSH
)RUURFNUHLQIRUFHPHQWLQXQGHUJURXQGVWUXFWXUHVDQHQJLQHHULQJDQDO\VLVEHJLQVZLWKHYDOXDWLRQRI
WZRIXQGDPHQWDOIDFWRUV>@
x 7KHVWUHQJWKRIWKHGLIIHUHQWFRPSRQHQWVRIWKHURFNVWUXFWXUHVDQG
x 7KHIRUFHVWKDWDUHORDGLQJLW
 *HRWHFKQLFDOLQYHVWLJDWLRQV
7R NHHS SDFH ZLWK WKH FKDQJLQJ WHFKQRORJ\ LQ IDVW JURZLQJ ,QGLDQPLQLQJ LQGXVWU\02,/ KDV
XQGHUWDNHQ URFNPHFKDQLFV LQYHVWLJDWLRQRI WKHYDULRXVVXSSRUWLQJV\VWHPVDQGVWRSHGHVLJQ'XH WR
PDQ\ FRQVWUDLQV RI XQGHUJURXQGPLQLQJ DQG OLPLWHG DYDLODEOH VSDFH DQG WLPH IRU VXSSRUWLQJPDQ\
DFFLGHQWV LQ VWRSLQJ DUHD KDG WDNHQ SODFH GXH WR IDOO RI URRI'XULQJ WKH VWXG\ RI WLPEHU VTXDUH VHW
VXSSRUWLWZDVREVHUYHGWKDWVXSSRUWV\VWHPSURYLGHGRQO\SDVVLYHVXSSRUWWRLPPHGLDWHURRIDQGDIWHU
HUHFWLQJWKHVTXDUHVHWLWSURYLGHGVXSSRUWWRWKHLPPHGLDWHPWRSOD\HURIWKHVWRSHEDFN
2.1. Pressure on square set in stope 
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)LJ/RDGRQZRRGHQJDOOHU\VHWDFFRUGLQJWR3URWRG\DNRQRY
7KH FURVV VHFWLRQ RI D VWRSH ZLWK WLPEHU VXSSRUW LV VKRZQ LQ WKH )LJ $FFRUGLQJ WR PDQ\
LQYHVWLJDWRUV>@WKHSUHVVXUHRQDJDOOHU\LVLQWKHIRUPRISDUDEROLFGRPHVKRZQLQWKH)LJ$VWKH
WKHRUHWLFDOIRUPXODLVFRPSOLFDWHGIRUSUDFWLFDOSXUSRVHWKHDSSUR[LPDWHYDOXHVKDYHEHHQWDNHQ7KH
3URWRG\DNRQRYIRUPXODDVVKRZQLQWKH)LJLVDVIROORZV
K OI
K KHLJKWRIWKHSDUDERODORDGKHLJKWFRPHVWRWRP
O OHQJWKRIWKHFDSRQWKHZRRGHQVHWP
I 3URWRG\DNRQRYFRHIILFLHQWRIKDUGQHVVZHDNVFKLVWRURIWKHFRPSUHVVLYHVWUHQJWKRIWKH
URFNDERXW
)URPWKHDERYHLOOXVWUDWLRQLWLVIRXQGWKDWWRPWRSOD\HUKDVWREHVXSSRUWHGDGGLWLRQDOO\
DIWHU HUHFWLRQRI WLPEHU VT VHW VXSSRUW7R UHLQIRUFH WKLVXQVWDEOH ]RQHRI±P IRU VDIHW\
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SXUSRVHFRQVLGHUHGWKH]RQHRIP WKHFRPSDQ\PDGHDQDWWHPSWWRFKDQJHRYHUWRQHZV\VWHPRI
VXSSRUWLQYROYLQJSUHPLQLQJUHLQIRUFHPHQWRIVWRSHEDFNDQGZDOOURFNVZLWKFDEOHEROWLQJDQGURFN
EROWLQJ%HIRUHVWDUWRI&DEOH%ROWLQJRQH[SHULPHQWDOEDVLVURFNPHFKDQLFVLQYHVWLJDWLRQVIRUVXSSRUW
GHVLJQKDYHEHHQFDUULHGRXWDW%DODJKDW0LQH
$W%DODJKDW0LQH WKH RUH ERG\ FRQVLVWLQJ RIPDQJDQHVH R[LGHV DQGPDQJDQLIHURXV TXDUW]LWH LV
DVVRFLDWHGZLWKPRGHUDWHO\PHWDPRUSKRVHGSK\OOLWLFDQGVFKLVWRVHURFNPDVVHV7KHKDQJZDOO URFNV
DUHSK\OOLWHVSK\OOLWLFVFKLVWDQGVHULFLWLFVFKLVW7KHIRRWZDOOURFNVFRQVWLWXWHIHOGVSDWKLFTXDUW]LWHDQG
TXDUW]VFKLVW7KHJHQHUDOVWULNHGLUHFWLRQRIWKHIRUPDWLRQLV1R(DQGWKHDPRXQWRIGLSYDULHVIURP
RDQGRGXH:HVW,QWKHQRUWKHUQVHFWLRQWKHGLSEHFRPHVIODWWHUDQGLQVRPHSODFHVWKHGLUHFWLRQ
KDVEHHQUHYHUVHGGXHWRVWUXFWXUDOFRPSOLFDWLRQV7KHRUHERG\YDU\LQJLQWKLFNQHVVIURPPWRPLV
KLJKO\ MRLQWHG ZLWK GLIIHUHQW MRLQW VHWV GHYHORSHG SHUKDSV GXH WR ORFDO VWUXFWXUDO GLVWXUEDQFH
1HYHUWKHOHVVWKHWUHQGRIWKHPDMRUMRLQWVHWLVSDUDOOHOWRWKHRUHERG\WKURXJKRXWWKHPLQH
2.2. Rock mass classification 
%HIRUHLPSOHPHQWDWLRQRIURFNUHLQIRUFHPHQWE\IXOOFROXPQFHPHQWJURXWHGFDEOHEROWURFNPDVV
FODVVLILFDWLRQKDV EHHQ FDUULHGRXW LQ FRQVXOWDWLRQZLWK&HQWUDO ,QVWLWXWH RI0LQLQJ	)XHO5HVHDUFK
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1,50>@2EWDLQHG4YDOXHVDQG505ZLWK
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
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2.3. Pre reinforcement 
7KH FRQFHSW RI SUH UHLQIRUFHPHQW FRQVLVWV RI LQVWDOOLQJ VXSSRUW SULRU WR H[FDYDWLQJ WKH DGMDFHQW
URFN7KHSULQFLSDOHIIHFWLVWROLPLWWKHGLVSODFHPHQWRIWKHURFNPDVVWRVPDOOYDOXHV7KLVPLQLPL]HV
WKH VKHDU DQG GLODWLRQ DORQJ H[LVWLQJ JHRORJLFDO VWUXFWXUHV DQG SHUVHYHUHV WKHLU LQVLWX FRKHVLRQ DQG
IULFWLRQVXFKWKDWWKHURFNPDVVEHFRPHVVHOIVXSSRUWLQJ/LWWOH-RKQ$QRWKHUDGYDQWDJHRISUH
UHLQIRUFHPHQW WHFKQLTXHV LV WKDW EODVWLQJ FDQ EH GRQH DJDLQVW DQG DOUHDG\ UHLQIRUFHG VXUIDFH ZKLFK
ZRXOG UHGXFH WKH DPRXQW RI EODVW GDPDJH $GGLWLRQDOO\ WKH HIIHFW RI VXGGHQ FKDQJHV LQ WKH
VXUURXQGLQJVWUHVVILHOGUHVXOWLQJIURPPLQLQJFDQEHEHWWHUFRQWUROOHGE\DSUHUHLQIRUFHGURFNPDVV
7KH HIIHFWLYH SUH UHLQIRUFHPHQW RI WKH URFN PDVV LQ H[FDYDWLRQV VXFK DV WKRVH IRU FXW DQG ILOO
PLQLQJORQJHUUHLQIRUFHPHQWHOHPHQWVDUHUHTXLUHG>@6LQFHLWLVGLIILFXOWWRLQVWDOOORQJULJLGURFN
EROWV WKH WHFKQLTXH RI FDEOH EROWLQJ XVLQJ ORQJ FDEOHV KDV EHHQ GHYHORSHG :LWK WKLV VFHQDULR WKH
FRPSDQ\ KDV H[SHULPHQWHG DQG HVWDEOLVKHG WKH µ&DEOH %ROWLQJ 7HFKQLTXHV¶ IRU REWDLQLQJ LPSURYHG
JURXQGFRQGLWLRQV
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2.4. Design of cable bolting 
'HVLJQRIFDEOHEROWLQJGHSHQGVRQWKHPDVVRIURFNWREHVXSSRUWHGDQGLWLVHVVHQWLDOWRLGHQWLI\
WKHSUREDEOHPRGHRIIDLOXUH7KHQWKHZHLJKWRIURFNEORFNVOLNHO\WREHVHSDUDWHGIURPWKHFRPSHWHQW
IRUPDWLRQVFDQEHHVWLPDWHGE\DQ\RIWKHYDULRXVFRQYHQWLRQDOPHWKRGV±EHDPWKHRU\IRUVWUDWLILHG
URFNVDQGSUHVVXUHDUFKWKHRU\IRUPDVVLYHIRUPDWLRQV
2.4.1. Empirical design 
1XPHURXV PHWKRGV IRU WKH GHVLJQ RI URRI EROWV KDYH EHHQ SURSRVHG RYHU WKH \HDUV 7KH ROGHVW
VLPSOHVW DQG SUREDEO\ VWLOO PRVW ZLGHO\ XVHG HTXDWLRQ IRU EROW GHVLJQ LV GHDGZHLJKW VXVSHQVLRQ
2EYHUWDQG'XYDOO

ܲ ൌ
ܷ כ ݐ כ ௘ܹ כ ܴ
݊ ൅ ͳ
ܵܨ

:KHUH3  UHTXLUHGEROWFDSDFLW\
 8  XQLWZHLJKWRIWKHURFN
 W  WKLFNQHVVRIVXVSHQGHGURFN
 Q  QXPEHURIEROWVSHUURZ
 :H  HQWU\ZLGWK
 5  URZVSDFLQJ
 6)  VDIHW\IDFWRU
2.4.2. Rock load height (Capacity/Pattern): 
7KH URFN ORDGKHLJKW FRQFHSW LV D VOLJKWO\PRUH VRSKLVWLFDWHGYHUVLRQRI WKHGHDGZHLJKW WKHRU\
2ULJLQDOO\SURSRVHGE\7HU]DJKLWKHWKHRU\SUHGLFWVWKHORDGRQWKHVXSSRUWEDVHGRQWKHURFN
TXDOLW\DQGWKHVSDQ8QDOGHILQHGWKHURFNORDGKHLJKWWDNLQJ505LQGLFDWHGE\%HQDZDVNL
7KHURFNORDGKHLJKWFRQFHSWDIWHU8QDOLVVKRZQLQ)LJ
ܪݐ ൌ ܤ
ሺͳͲͲ െ ܴܯܴሻ
ͳͲͲ

ZKHUH%LVDZLGWKRIRSHQLQJ5RRIVSDQ
7KH JXLGHOLQHV IRU FDEOH VHOHFWLRQ ZHUH EDVHG RQ HPSLULFDO PHWKRGV SURYLGHG E\ %DUWRQ HW DO
>@)RUODUJHRSHQLQJVWKHUHFRPPHQGHGFDEOHOHQJWK/¶LQPLV

 /¶   %(65IRUURRIDQG
 /¶   +(65IRUZDOOV
+HUH %   RSHQLQJZLGWK+ KHLJKWRIWKHRSHQLQJVWRSH
 (65   ([FDYDWLRQVXSSRUWUDWLR(65YDOXHVDUHIRUSHUPDQHQWRSHQLQJDQG
WRIRU   WHPSRUDU\RSHQLQJV
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)LJ5RFN/RDG+HLJKW&RQFHSW$IWHU8QDO

3RWYLQ+XG\PDDQG0LOOHU GHYHORSHGDQHPSLULFDOPHWKRG IRU WKHGHVLJQRI FDEOHEROWV
7KHURFNPDVVFRQGLWLRQVDUHILUVWDVVHVVHGXVLQJ1*,URFNPDVVDSSURDFK%DUWRQDQGRWKHUV
DQGDGMXVWPHQWVDUHPDGHWRWKH4YDOXHVWRREWDLQDPRGLILHGVWDELOLW\QXPEHU1¶3RWYLQDQG0LOOHU
>@
 &DEOH%ROWLQJLQ02,/0LQHV
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5RRIGHWHULRUDWLRQZDVREVHUYHGHDUOLHU LQ WKHVTXDUHVHW VWRSHVXS WRPKHLJKW5RFNEORFNVRI
DERXW WRPIRUDGGLWLRQDOVDIHW\PHDVXUHVPD[PLVFRQVLGHUHG WKLFNXVHG WRJHW VHSDUDWHG
IURPWKHVWRSHEORFNDQGIDOOGRZQ7KHUHIRUHFRQVLGHULQJDSUREDEOHZHDN]RQHKHLJKWRIPDQG
WKHGHQVLW\RIWKHRUHERG\DPD[LPXPRI7FXPWKHORDGH[HUWHGE\WKHORRVHVWUDWDLV[ 
7VTP


 












)LJ)L[LQJRI&DEOHEROWVLQYDULRXVDQJOHVGLSLV)LJ2YHUODSSLQJRI&DEOHEROWVE\PGLSLVPRUHWKDQ


6LQFHWKHFDEOHEROWFDSDFLW\LV7DVSDFLQJRIP[PZRXOGJLYHDVXSSRUW ORDGRI 
7VTP)RUDGGLWLRQDOVDIHW\DURFNEROWLQEHWZHHQWKHFDEOHEROWLVDOVRSURYLGHGWKDWJLYHVDQ
DGGLWLRQDOVXSSRUWORDGVRI7VTP 7VTP8VLQJWKHGHVLJQFKDUWVRI3RWYLQHWDODOVRWKH
VXSSRUWGHQVLW\FRPHVWRFDEOHVSHUVTPRUFDEOHSHUVTPWKDWLVDVSDFLQJRIP[PDQG
WKH FDEOH OHQJWK VKRXOG EH  P +RZHYHU WKH FDEOH OHQJWK LV GHSHQGHQW PRUH RQ WKH JURXQG
UHTXLUHPHQWVDQGLVVHOHFWHGLQVXFKDZD\WKDWWKHFDEOHLVDQFKRUHGIRUDERXWPLQWKHVRXQGSRUWLRQ
RIKDQJZDOOURFN$FFRUGLQJO\FDEOHEROWVRIOHQJWKYDU\LQJIURPPWRPDUHXVHGIRUVXSSRUWRIWKH
VWRSHEDFNLQWKHFXWDQGILOOVWRSHVRI02,/¶VXQGHUJURXQGPLQHV,OOXVWUDWLRQLVJLYHQEHORZLQ)LJ
DQGIRUIL[LQJRIFDEOHVLQYDULRXVDQJOHVLQWKHRUHERG\6HYHQZLUHVPPGLDPHWHUSUHVWUHVVHG
XQJDOYDQL]HGVWHHOZLUHURSHDUHIXOO\JURXWHGLQPPKROHV7RLQFUHDVHWKHFRPSUHVVLYHVWUHQJWK
RIWKHFHPHQWJURXWVXSHUSODVWLFL]HUµ6LNDPHQW))¶LVXVHGDORQJZLWKJURXW#POSHUEDJRINJ
FHPHQW6HFRQGVHWRIFDEOHVDUHLQVWDOOHGLQWKHVWRSHEDFNZLWKDPLQLPXPRYHUODSRIP
3.1. Monitoring of cable bolting 
7KHPRQLWRULQJZRUNRI WKHHIILFDF\RI FDEOHEROW VXSSRUWVKDVEHHQFDUULHGRXWZLWK0XOWLSRLQW
ERUHKROH H[WHQVRPHWHUV 03%;V7DSH([WHQVRPHWHUV DQG/RDG&HOOV 03%;VZHUH LQVWDOOHG WR
PRQLWRU WKH GHIRUPDWLRQ RI WKH FDEOH EROWHG KDQJ ZDOO DQG WKH RYHUO\LQJ RUH ERG\ LQ DGGLWLRQ WR
03%;  ORDG FHOOV ZDV DOVR LQVWDOOHG XQGHU WKH FKRFNV LQ WKH FDEOH EROWHG VHFWLRQ WRPRQLWRU WKH
ORRVHQLQJ ORDGRI WKHRYHUO\LQJRUH  7KH LQVWDOODWLRQGHWDLOVRI WKH03%;DQG ORDGFHOOVDUHJLYHQ
EHORZLQ7DEOH	

7DEOH'HWDLOVRIPXOWLSRLQWERUHKROHH[WHQVRPHWHUV
6U1R 03%;1R $QFKRU1R 'HSWKP
 03 	 	
 03 	 	
 03 	 	
 03 	 	
 03 	 	

3.1.1. Observations of MPBX 
D 7KHHIIHFWRIWKHPLQLQJRSHUDWLRQVLVOLNHO\WREHQRWLFHGE\03DQGVXEVHTXHQWO\E\03
E 7KHUHODWLYHGLVSODFHPHQWRIDQFKRUV03	03UHDFKHVPD[RIPP,WLQGLFDWHVWKDW
WKHFDEOHEROWHGRYHUO\LQJRUHDQGKDQJZDOOLVVWDEOHDQGWKDWWKHFDEOHEROWVDUHHIIHFWLYH
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F ,Q03VKRZVWKDWWKHPD['LVSODFHPHQWLVPP7KLVDOVRFRQILUPVWKDWWKHVXSSRUWLV
DGHTXDWH
G 7KH UHODWLYH GLVSODFHPHQWV RI DQFKRUV RI 03 	 03 DUH OHVV WKDQ  PP ZKLFK LV
QHJOLJLEOH
)URPWKHDERYHDQDO\VLVLWLVFRQILUPHGWKDWWKHFDEOHEROWDUHDGHTXDWH
3.1.2. Observations of load cells 
0HFKDQLFDO/RDG&HOOVRI7FDSDFLW\ZDVLQVWDOOHGXQGHUWKHWLPEHUFKRFNVLQWKHFDEOHEROWHG
VWRSHV (DFK ORDG FHOO H[SHULHQFHG WKH ORDG YDU\LQJ EHWZHHQ  WR 7 7KH VSDFLQJ RI WKH FKRFNV
EHLQJPFHQWHU WRFHQWHU WKHVXSSRUWSUHVVXUHZRUNVRXWLQWKHUDQJHRIWRNJFPð7KLV
SUHVVXUHLVQHJOLJLEOHDQGLWLVFRQILUPHGWKDWWKHLPPHGLDWHURRILVQRWDIIHFWHGE\PLQLQJDQGFDEOH
EROWVDUHDGHTXDWH

7DEOH'HWDLOVRIORDGFHOOLQVWDOOHGLQFDEOHEROWHGVWDWLRQ
61R /RDG&HOO /RFDWLRQ /RDG7
 ///	/ WKOHYHO 7
 / WKOHYHO 7

7KHIROORZLQJFRQFOXVLRQVKDYHEHHQUHVXOWHGIURPWKLVH[SHULPHQWDOVWXG\3ULQFLSDOO\
D 7KH ORRVHQLQJ RI WKH RUH LV SUHYHQWHG E\ FDEOH EROWV DQG VWRSLQJZLWK DGYDQFH VXSSRUW E\
FDEOHEROWVKDVEHHQHIIHFWLYHDQGVDIHLQWKHH[SHULPHQWDOSDQHO
E 7KH WHFKQLTXH DLPV DW VXLWDEOH UHLQIRUFHPHQW RI ZHDNHU URFN PDVV WR ZLWKVWDQG LQGXFHG
VWUHVVHVGXULQJKHDY\EODVWLQJDQGDOORZLQJIDVWHUPLQLQJF\FOHUHVXOWLQJLQTXDQWXPMXPSLQ
SURGXFWLYLW\DQGVDIHUPLQLQJ
3.2.  Advantages of cable bolting  
7KHUHDUHPDQ\DGYDQWDJHVRIFDEOHEROWLQJLQFXWDQGILOOPHWKRGRIPLQLQJ LQSRRU WRIDLU URFN
PDVVRIKDUGURFNPLQLQJ7KHWZRPDLQDGYDQWDJHVIRUVWUDWDUHLQIRUFHPHQWDUHWKH\FDQEHLQVWDOOHG
LQRSHQLQJZLWK ORZKHDGURRPDQGDFFRPPRGDWH UHODWLYHO\ ODUJHUDPRXQWVRI VWUDLQZLWKRXW IDLOXUH
7KH\ SURYLGH WKH DGYDQWDJHV RI SUH SODFHG VXSSRUW XQGHU GLIILFXOW JURXQG FRQGLWLRQV RI VHFRQGDU\
VXSSRUW WR VXSSOHPHQW URFN EROWLQJ DQG DOVR RI SHUPDQHQW VXSSRUW > @ 7KH FDEOH EROWV SURYLGH
UHLQIRUFHPHQW RI WKH URFN PDVV E\ EXLOGLQJ D FRQVLGHUDEO\ WKLFN EHDP DQG DOVR E\ W\LQJ XS WKH
SRWHQWLDOURFNEORFNVWRDKLJKHUVWDEOHKRUL]RQ0RUHRYHUWKHFDEOHEROWVFDQEHSODFHGDWDQ\DQJOH
>@7KHREVHUYHGLPSURYHPHQWVE\&DEOH%ROWLQJDW%DODJKDW0LQHLVJLYHQLQ7DEOH

7DEOH,PSURYHPHQWLQSURGXFWLYLW\E\FDEOHEROWLQJDW%DODJKDW0LQH
6U1R 'HVFULSWLRQ 2OG6XSSRUWLQJPHWKRG &DEOHEROWHGVWRSHV
 )DFH±206LQ7  ±
 520IURPWKHVWRSH\HDU 7 7
 /LIHRIVWRSH ±\HDUV ±\HDUV
2WKHUDGYDQWDJHRIWKLVV\VWHPLVWKDWLWFUHDWHVPRUHKHDGURRPIRUPHFKDQL]DWLRQLQVWRSHVDVZHOO
LQGULYHVDOVR)XUWKHUPRUHZLWKWKHVDWLVIDFWRU\RXWFRPHLQVDIHW\VWDQGDUGVRIXQGHUJURXQGPLQHVWKH
FRPSDQ\KDVLQWURGXFHGSDQHOZRUNLQJRIVWRSHV7KHKLJKYDOXHWLPEHUXVHGIRUVXSSRUWLQJKDVEHHQ
HOLPLQDWHG
 ,QWURGXFWLRQRI0HFKDQL]HG6WRSH'HVLJQ
:LWKVXFFHVVRIµ&DEOH%ROWLQJ¶F\FOHLWZDVWKHQGHFLGHGWRLQFUHDVHWKHVWRSHOHQJWKIURPPWR
PIRUSDQHOZRUNLQJRIVWRSHVLOOXVWUDWHGEHORZLQ)LJDORQJZLWKPHFKDQLFDOKDQGOLQJRI520
LQVWRSHVE\6LGH'LVFKDUJH/RDGHU
x $VWRSHEORFNRIPOHQJWKZLWKLQVLWXULEDQGSRVWSLOODUV
x $SDQHORIVXFKVWRSHVIRUPVWULNHOHQJWK
x 6HTXHQFHVWRSHIRU6'/IRUPHFKDQLFDOKDQGOLQJRI520LQVWRSHZLWKSURGXFWLRQGULOOLQJ
EODVWLQJDQG520KDQGOLQJ
x VWRSHVIRUSUHSDUDWRU\RSHUDWLRQVOLNH+\GUDXOLFVDQGVWRZLQJDQGVXSSRUWLQJ±FDEOHEROWLQJ
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
)LJ&RQFHSWXDO3ODQRIP6WRSHDW%DODJKDW0LQH
4.1. Optimization of the size of Rib Pillar and Post Pillars 
7KHRYHUDOO5RFNPDVVVWUHQJWK506RIWKH%DODJKDWPLQHLV03DDQGKHQFHWKHSRVWSLOODUV
RIP[PVL]HSODFHGDWPFHQWHUWRFHQWHUDORQJWKHVWULNHDQGDERXWPDFURVVWKDWDVVXUHV
)266LPLODUO\QXPHULFDOPRGHOLQJKDVDOVREHHQFDUULHGRXW
$IWHUFRQILUPDWLRQUHJDUGLQJWKHVDIHW\VWDQGDUGVRIWKHVHSDQHOZRUNLQJVHOHFWULFDOO\RSHUDWHG6LGH
'LVFKDUJHORDGHUVKDVEHHQLQWURGXFHGLQWKHVWRSHIRUPHFKDQLFDOKDQGOLQJRI5207KH520LVWKHQ
ORDGHGWKURXJKWKHRUHSDVVHVLQ7PLQHFDU,QWKLVV\VWHPH[SRVXUHRIWKHHPSOR\HHVXQGHUIUHVKO\
H[SRVHG URRI LVPLQLPL]HG DQG LPSURYHG WKURXJK WKH SURGXFWLYLW\ IURP WKH VWRSHV ,PSURYHPHQW LQ
SURGXFWLYLW\ DW%DODJKDW0LQH E\ LQWURGXFWLRQ RI 6'/ IRUPHFKDQLFDO KDQGOLQJ RI520 LQ VWRSH LV
JLYHQEHORZLQ7DEOH

7DEOH3URGXFWLYLW\LPSURYHPHQWE\0HFKDQLFDO+DQGOLQJRI520LQWKHVWRSHV
6U1R 'HVFULSWLRQ :LWKRXW6'/ :LWK6'/
 )DFH±206LQ7  ±
 520IURPWKHVWRSH\HDU 7 7
 /LIHRIVWRSH ±\HDUV ±\HDUV
 6WRSHOHQJWK ±PHWHUV PHWHUV
 3DQHOOHQJWK 0D[PHWHUV P±3DQHORIVWRSHV
4.2. Support design for haulage road and cross cut 
$IWHU FRQILUPDWLRQ RQ µ&DEOH %ROWLQJ 7HFKQLTXHV¶ IRU VWRSH EDFN UHLQIRUFHPHQW QXPHULFDO
PRGHOLQJIRUURDGZD\VXSSRUWGHVLJQKDVEHHQFDUULHGRXWIRUWKHGHHSHUOHYHOVDW%DODJKDW0LQH7KH
JHRWHFKQLFDO DVVHVVPHQW RI URFN PDVV ZDV PDGH WKURXJK SK\VLFRPHFKDQLFDO SURSHUWLHV DQG
%LHQLDZVNL¶V URFNPDVV UDWLQJ 505 >@ 7KH 505 YDOXHV REWDLQHGZHUH LQ WKH UDQJHV RI 
'HWDLOVDUHJLYHQEHORZLQ7DEOH

7DEOH6XPPDUL]HGJHRWHFKQLFDOSURSHUWLHVDQG505
&RPSUHVVLYH6WUHQJWK03D 7HQVLOH6WUHQJWK03D 8QLW:HLJKWWP 505 3RLVVRQ¶V5DWLRY
    

7KHVXSSRUWUHTXLUHPHQWVZHUHHYDOXDWHGFRQVLGHULQJDVDIHW\IDFWRURI)RUWKLVSXUSRVHORDG
EHDULQJFDSDFLW\RI7ZDVDVVXPHGIRUIXOO\JURXWHGURFNEROWVRIPOHQJWK7KHURFNPHFKDQLFV
VWXG\ZDV FDUULHGRXW LQ UHVSHFW RI VXSSRUW GHVLJQ IRU KDXODJH URDGV DQG FURVV FXWV LQ RUH DQGZDOO
URFNV 7KHVXSSRUWGHVLJQIRUURDGZD\VIRXQGRXWDIWHUQXPHULFDOPRGHOLQJLVJLYHQLQ7DEOH

7DEOH6XSSRUWGHVLJQIRUURDGZD\RI%DODJKDW0LQH
1DPHRIGULYDJH 5RDGZD\ZLGWK 5RFNORDG 1RRIEROWVDFURVV 6SDFLQJEHWZHHQEROWV
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P WP WKHGULYDJH DORQJGULYDJHP
+DXODJH5RDG    
&URVVFXW    
4.3. Increase level interval from 30m to 45m 
3UHVHQWZRUNLQJLVFRQILQHGWRWKOHYHODW%DODJKDW0LQH/VHFWLRQVKRZLQJWKHRSHUDWLQJOHYHOV
DWWKH%DODJKDWPLQHLVSODFHGLQ)LJ7KHUHVHUYHVSHUVLVWHQF\DW%DODJKDWPLQHLVSURYHGXSWR/
PWUVEHORZWKHVXUIDFHDQGVWRSLQJUDWHKDVLQFUHDVHGZLWKLQWURGXFWLRQRI6'/IRUPHFKDQLFDO
KDQGOLQJRI520LQWKHVWRSHVRIPOHQJWKZLWKSDQHORIVWRSHVIRUPLQLQJVXSSRUWLQJDQGILOOLQJ
,W ZDV GHFLGHG WR LQFUHDVH WKH OHYHO LQWHUYDO IURP H[LVWLQJ  P WR  P EHORZ WK /HYHO 7KH
QXPHULFDOPRGHOLQJDQGLQVLWXVWUHVVHVWLPDWLRQKDVEHHQFDUULHGRXWIRUEHWWHUVDIHW\
,WZDVIRXQGWKDWRUHERG\ZLGWKLVYDU\LQJIURPPWRPDQGLWLVRQO\PZLGHDWVRXWKHUQ
VLGHRIWK/HYHO+DQJZDOOFRQWDFWLVRISK\OLWHDQGLWVWKLFNQHVVYDULHVIURPWRP,WLVWKLFNHU
DWQRUWKHUQ]RQHRIWKHRUHERG\,QWKHVWRSHDQRSHQLQJRIPLVPDLQWDLQHGEHWZHHQVWRSHEDFNDQG
ILOOPDWHULDOVDQGLVEHLQJK\GUDXOLFILOOHGLQWKHVWRSH&DEOHEROWRIPOHQJWKDWJULGRIP[PLV
XVHGWRVWDELOL]HWKHURRIEDFNDORQJZLWKURFNEROWVRIPOHQJWKDWJULGRIP[PLQWKHFHQWHURI
 FDEOH EROWV LV XVHG WR VWDELOL]H WKH LPPHGLDWH URRI 6WRSH GLVWDQFH IURP WKH KDXODJH URDGZD\ LV
JHQHUDOO\PSUHVHQWVWRSHKHLJKWLVPZLWKDFURZQRIPKHLJKWDERYHWKHWK/HYHO



)LJ3UHVHQW/6HFWLRQRI%DODJKDW0LQH
4.4. Geo-mining conditions considered for modelling 
7KHIROORZLQJSDUDPHWHUVKDYHEHHQFRQVLGHUHGIRUPRGHOOLQJ>@
6WRSHKHLJKW   P
6WRSHOHQJWK   PFHQWUHWRFHQWUHRIULESLOODU
5LESLOODU   P
&URZQSLOODU   P
2UHERG\GLS   R
2UHERG\WKLFNQHVV   PWRP
'HSWKRIFRYHUDWWK/HYHO   P
+HLJKWRIRSHQLQJEHWZHHQILOOHGPDWHULDODQGVWRSHEDFN   P
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